





A •* 




NASA AVRADCOM 

Technical Memorandum 78729 Technical Report 78-34 


Analysis of Stability Contributions 
of High Dihedral V-Taiis 


Carl E. Freeman and William T. Yeager, Jr. 

Structures Laboratory. AVRADCOM Research and Technology Laboratories 
Langley Research Center 
Hampton, Virginia 


rurtSA 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Office 


1978 


SUMMARY 


Ar. investigation was undertaken to determine the effectiveness of four ana- 
lytical methods (empirical, modified empirical, vortex-lattice, and an inviscid, 
three-dimensional, potential-flow, wing-body program) to estimate the lateral and 
longitudinal static stability char acter istics of an isolated V-tail wind-tunnel 
model. The experimental tests were conducted in the Langley V/STOL tunnel at 
a Mach number of 0.18. Angle-of-attack data were obtained from -12° to 8° at 
0° sideslip. Sideslip sweeps frcm -5° to 10° were made at angles of attack of 
4 , 0°, and -4°. The V-tail dihedral angles were 45°, 50°, 55°, and 60°. Of 
the methods used, a combination of the modified empirical and vortex-lattice 
methods correlated with the experimental results best except for predicting 
static directional stability contributions at high dihedral angles. The 
inviscid, three-dimensional, potential-flow, wing -body program correlated bet- 
ter at hi#) dihedral angles. 


INTRODUCTION 

Conventionally powered, single— rotor helicopters have experienced direc- 
tional control problems while operating in low-velocity, left-rear-quarter ing 
winds in ground effect and during low-speed sideward flight in ground effect 
(rsfs. 7 and 2). Investigations have been conducted to determine the source 
of these directional control problems and possible means of alleviating them 
(refs. 3 to 5). Reference 4 shows that a V-type empennage can present signif- 
icant advantages over conventional horizontal-vertical control surfaces for 
helicopter directional control at low speeds. The principal advantages are 
smaller adverse fin forces and increased tail-rctor efficiency. 


An important aspect of designing a V-type empennage is the ability to pre- 
dict its aerodynamic characteristics in terms of longitudinal and directional 
static stability. Previous work in this area, such as references 6 and 7, used 
a simplified method to predict the aerodynamic characteristics of lifting sur- 
faces with increasing dihedral angle. The accuracy of this method was found to 
be deficient for V-tails with dihedral angles greater than 40°. 

An investigation was conducted to evaluate the effectiveness of the simpli- 
fied method of references 6 and 7 and of more sophisticated vortex-lattice and 
inviscid-flcw paneling methods in determining the effects of dihedral on the 
static stability characteristics of an isolated V-tail. Wind-tunnel tests of a 
helicopter V-type empennage were conducted and the results were used as a basis 
for comparison with the analytical methods. 


SYMBOLS 

Units used for physical quantities defined in this paper are given in the 
International System of Units (SI) and parenthetically in U.S. Customary Units. 


Measurements and calculations were made in U.S. Customary Units. Conversion 

ln tefeten " e - Thf - *-«. .« 


section lift coefficient 

total lift coefficient (stability axis), F L /<^.s 
lift-curve slope, dC^/du, per deg 
tide-force coefficient (body axis), Fy/q^s 
slope of side-force curve, dCy/di , per dec 
lift force, N (lbf) 
side force, N Ubf) 
incidence angle, deg 
correction factor for Cy^ (ref. 6) 
dynamic pressure. Pa (lbf/ft 2 ) 
total V-tail area, 0.244 m 2 (2.625 ft 2 ) 
angle of attack, deg 
angle of sideslip, deg 
1 dihedral angle, deg 

Subscript : 

N normal to surface 
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APPARATUS AND EXPERIMENTAL TEST PROCEDURES 

alone ^ T ^J xper Rental data presented in this report were obtained on the tail- 
alone configuration shown m figure 2. Dimensions and geometric data are given 

biufi T e l ' a Wa£ TOun,:ed on 6 six-component strain-gage balance! A 

oluff forebody was attached to the strut to close off the tail cone. Tradition 
grit was applied to the tail surfaces. transition 


t f sts were conducted in the Langley V/STOL tunnel, which is an atmo- 

by 6.63'm C (2r75 C ft^ lJlt n W i nd tUnnel * , The test SGCti on measures 4.2 m (14.50 ft) 

2 30* kPa (48 lbf/ftK J* a were ° btained at a fr ee-stream dynamic pressure of 
, (48 lbf/ft >» which corresponds to a Mach number of 0.18. Model anale- 

of-attack sweeps were made from -12° to 8 o at 6 * 0®. sideslip were 

usina t0 i 10 ° * 4 °' °°' and ~ 4 °* Pitch measurements were made 

using an internal pitch accelerometer. Yaw angle was measured externally. 
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tions ..re , 3 >e. interference on the nodel. Mo veil uurrec- 

coole be indepeJSentl^ 1 »ariedf lh r^r > this 9 ln °l * sch .“ 11 £urfic e of the model 
both tail surfaces was fixed at 5° as eho estl ^ 5tlon tho incidence angle of 
«re tested, 45°, 50°, 550 S “ ,i9ur * '• *»* dihedral armies 

r^rt are the rewit « « "n-uU^Tr"^ ^ P " £ *"" d in °> is 

Plus the tall surfaces to obtain'*"^ thTtal “? X T '« ““ “» ~ 


ANALYTICAL METHODS 

to -.ssrr^s^s ss , S£2 r " ui ” ^ -ntw 

sn«le on the static stability character int ic* P nf <UCt | th ^ £ff£ct£ of dihedral 
analytical methods used were^l) the JJ* an , lsolated V-tail. -The four 

Pureer-Caapbell eethod, m ViL s! J P f ** analysis <* reference 6, the 
<31 the JSL.mS2’JU«; °L ,h * method, 

di»„.ion.l ,3-0,. POt.ntial-Hw^rJ’r.'ylr.'l th ‘~ 

»o interf^r^T'tatieTr'th^t^’l ire b “‘«lly there is 

•re simple geometric functions of dihmarsi, M th^M» llf 5 * nd ,ide *®«* 
the tail surface with dihedral is so,,. i ► ; nd **** lift-curve slope normal to 
f scss st OO dilMdr ^ ThTa' c- .^ * 1 . ‘° th *. “f t-oure. slop, <* the t.il aur- 
oontribution to longitudinal anTX^t.rJrli ^ , tor MU 


K 


2 r 


: *e " ( c Lq) 8i, » 2 r 


0 ) 


( 2 ) 


- - ‘ r^-szsz; zssszrj? - ■- 

obtained by using the vortex-lattice method of reference 9s " 

rows ?pSi r^i T?- t :ir f zrj r? 6 ch r wi ~ - 10 

froa the dihedral hinge line to th^ till- ttf rioh^* f * V " tail "** Bodeled 
dihedral hinge line to the midpoint of P the jj 9ht ,urface wa * modeled from the 
spanwise loads were suM JroTSe 2 * 5 * t ~ 1 ‘ r ° t ° r 9earbox The 

hinge line to the outboard end of esS^s^u“ 

represents the juncture of the tail surfac^and thU j **** 16 P° int 

lattice method has a potential d#fir{*nmr 4 u . . '** cone • Die vortex* 

configuration. This potential deficient J 1 its ability to aodel this V-tail 
V-tail aodel uses a rSTitvly “f®* beCausc the «Periaental 

vort.s-la.tlc, wthod is based on thin-alr^irli.^puiL'” 140 '’' 
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The inviscid, three-dimensional, potential-flow program utilizes source 
panels to represent nonlifting surfaces and doublet panels on source panels 
to represent lifting irfaces. Neumann boundary conditions of tangential flow 
! r * *! S ^ ed ;. The V-tail configuration as modeled for this program is shown in 
f gure 3 . Discrete components were used for the modeling to allow for easier 
alterations in the paneling scheme when dihedral angle was changed. A total of 
860 panels was used to model the lifting surface and three chordwise panels 
behind each lifting surface were used to model the wake. A cosine distribution 

nT US ! th ! liftin 9 surfaces. Doublet panels alone were extended 
2.54 cm <1.0 m.) into the body, and loads were summed for the rail surfaces 
only* 


K£2>U1/TS AND DISCUSSION 


Experiments 1 data from the wind-tunnel test of the isolated V-tail are pre- 
sented in figures 4 to 7. In figure 4 longitudinal aerodynamic data are pre- 
sented in the form of C L as a function of a for dihedral angles of 45°, 50°, 
55 , and 60°. As expected, the lift-curve slope decreases with increasing dihe- 
dral bec» u « of the reduction in projected horizontal surface area. Also, as 
dihedral angle increases, the lift corvee become nonlinear over the angle-of- 
attack range tested. 


In figure 5 longitudinal aerodynamic data are presented for three tail con- 
figurations: right and left surfaces together at T - 55°, left surface only at 

r - 55 , and right surface only at T. 55°. Also shown in figure 5 (as the 
dashed line) is the sw of the lift coefficients of the individual surfaces. 

This figure indicates that a benefic.al interference occurs between the two tail 
surfaces, since of the total coi-figuration is greater than that of the sum 


of the individual tail surfaces. In addition, the interference between the tail 
surfaces appears to be nonlinear with changes in angle of attack. 


Figures 6 and 7 present lateral stability data in the form of C Y as a 
function of 6 . In figure 6 the data are presented for three angles of attack 
at each of the four dihedral angles tested. For the three values of angle of 
attack, the value of C Y g became more negative as dihedral angle was increased. 

In contrast to the lift curves, the side-force curves became more linear with 
increasing dihedral angle over the range of sideslip angles tested. 


In figure 7 are presented the lateral stability data for three tail con- 
figurations: right and left surfaces together at I* - 55°, left surface only 

a * r * 55 , and right surface only at T - 55°. Also shown is the sum of the 
side-force coefficients of the individual surfaces (dashed line). In contrast 
to the longitudinal aerodynamic data, a nonbeneficial interference occurred 
between the two tail surfaces, since the value of C Y g is less negative for 

the total configuration than for the sum of the individual tail surfaces. 
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The primary results of this investigation are summarised in figure 8 as a 
comparison of calculated values of and -C Y g with values of these deriv- 

atives determined from the wind-tunnel data shown in figures 4 and 6(b). The 
values of were obtained at B « 0° between a « -5° and 5°, and the 

values of -C Y g were obtained at a * 0° between B * -5° and 5°. The four 

analytical methods were described earlier. 

As shown in figure 8, the best correlations with the experimental values 
of Ci^ were obtained with the modified Purser-Campbell and vortex-lattice 

methods. The other two methods gave values of higher than the measured 

values; the least satisfactory correlation was obtained with the Purser-Campbell 
method. 

Figure 8 also shows the variation of -C Yg with increasing dihedral angle. 

vm of thm distributions of -C Yg (Purser-Campbell and modified Purser-CMpoell 

methods) were predicted by use of equation (2). As previously shown in equa- 
tion (2) , the value of -Cy^ predicted is dependent on K and for any 

given dihedral angle. The value of K (0.65) was determined from figure 2 of 
reference 6, and fQ\ wee det ermi ned am p r ev i ou s ly described, for the 

Purser-Campbell method, the results do not correlate well with the experimental 
data; for the modified Purser-Campbell method, the correlation with the experi- 
mental data is much better. However, neither erf the two methods using equa- 
tion (2) predicts the reduction in the slope of -C Y g versus T shown by the 

experimental data at the higher dihedral angles. Both the vortex-lattice and 
3-D potential flow methods correlate the experimental data better, particularly 
in predicting the reduction in -C Y g as T approaches the value where the two 

surfaces would converge into one, as described in reference 6. This reduction in 
“Cyp the higher dihedral angles is due to increased interference between the 

two V-tail surfaces, which is more accurately predicted by these more sophisti- 
cated methods. Changing the value of K or in equation (2) will still 

not enable the modified Purser-Campbell method to accurately predict the reduc- 
tion in -Cyg indicated by the experimental results, since the results from 

equation (2) will still follow a sine-squared distribution of dihedral angle. 

I 
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CONCLUDING REMARKS 

An investigation was undertaken to determine th* « 

cal methods to accurately predict the lateral , ?? “ ty of four an alyti- 

characteristics of an isolated ”taa T ’"“ dlnal n ' itic ■‘■Mlity 

tigation that a sieplified p«dlcU™ Affined free this in.es- 

lattice method ga.e .debate «s.Us f^ ^ ? ,1" conjunction with a vortex- 

characteristics a. ooderate d'hedral f^les SI? H** “* tiC StaMlit * 
deficient in the prediction of tail contrihiit- combination of methods was 
ity at high dihedral anglM. A ^J.^L'^ °" -° Static dl '«“°"al stabil- 

three-dimensional, wing-body potentiaWlrl 1 ^^ cethod based on an inviscid, 
tail contributions to stati£’di?ect sufflcient ly predicted the 
However, this method was deficient u n, 8 * * * lty at the higher dihedral angles, 
bility characteristics? 5 " the p " dlcti °" of longitudinal static sta- 
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Figure 2.- V-tail without fuselage. 
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Figure 5.- Comparison of lift coef. cient for the V-tail at 55° dihedral 
and left and right surfaces alone at 55° dihedral. 
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Figure 6.- Concluded. 
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Configuration 
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O Left only 
O Right only 
— Left only + Right only 
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Figure /•- Continued 















O Experimental 

Purser-Campbell (ref. 6) 
Modified Purser-Campbell 
Vortex- Lattice (ref. 9) 

3-D Potential Flow (ref. 10) 
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Figure 8.- 
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